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ABSTRACT
Afr. J. Trop. Hydrobiol. Fish. (1995) 6.21-30
The study consists of a pond experiment and field
experiment. Pond experiments are advantageous
because of the ease with which experimental
conditions can be controlled. However, certain
aspects of natural waters may be markedly different
from the pond environment. For example, levels of
predation and competition are normally higher in
natural waters, which may affect tag-recapture data.
Tag-recapture investigations are difficult and costly
to carry out, but provided that the assumptions
hold, give direct estimates of growth and survival
as well as other population parameters (JONES,
1977). In addition, tag-recapture is often the only
practical way of calibrating direct methods for
estimations of growth in wild populations.
Growth may be generally influenced by marking
and tagging, and size-specific effects can cause
further variation in growth and mortality estimates
(e.g., RICKER, 1949; VAN SOMEREN and
WHITEHEAD, 1961; CARLINE and BRYNll..D-
SON, 1972; ISAKSSON and BERGMAN 1978;
McFARLANE and BEAMISH, 1990;
McALLISTER, et ai., 1992).
growth rate (DOYLE, et ai., 1987; TALBaf and
DOYLE, 1990). However, the extrapolation of
scale circuli-spacing into growth increments
requires extensive calibration experiments to
correct for factors such as size, age, sex, strain
and seasonality of growth.
•
In the tropics, seasonality is less pronounced
and reproduction may take place over extended
periods, sometimes spanning most of the year.
Seasonal growth checks on hard parts are often
absent or weakly developed, and year classes may
be difficult to distinguish by size. An alternative
technique developed for tropical fish uses daily
growth rings in otoliths (PANELLA, 197 ~;
PANELLA, 1973; GJ0SJETER et ai., 1984),
which is particularly suited for short-lived
species and juveniles. However, this method is
time consuming and difficult to apply on routine
basis (SPARRE and VENEMA, 1992).
Furthermore, collection of otoliths means that the
fish have to be sacrificed. An alternative
approach is measurement of marginal scale circuli
spacing, which is correlated to instantaneous
Growth and mortality rates are essential inputs in
many models of fish populations. In temperate
waters the required information can be deduced
from analyses of annual growth rings, formed on
hard parts such as scales and otoliths as an effect
of seasonal variation in growth, combined with
the size structure of the population. Further, in
temperate waters spawning usually occurs once a
year in a short and well-defined period, which
facilitates the recognition of year classes or
cohorts by size alone.
The effects of tagging with Roy FD-68B T-bar anchor tags on estimates of growth in Tilapia (Oreochromis shiranus
chilwae) were investigated in a pond and in a field experiment. In the pond experiment, mean length increments of tagged
and marked fish were compared. In the field experiment growth of tagged and "untouched" individual wild fish were
compared by measuring scale circuli spacing (Circ.), which is correlated to instantaneous growth rate. Length increments
of tagged and untagged/marked fish were not significantly different in either experiment. In the pond experiment, the
total mortality rate in the small tagged fish was significantly higher than in the marked fish. The recoveries of tagged fish
in the pond experiment increased with fish size. Recoveries exceeded 80% at lengths over 13 cm TL. The ratios oftagged
to marked recoveries were 1.02 and 0.74 for large and small fish respectively.
The study shows that tagging of Tilapia with Roy anchor tags does not in general alter the growth rates of the fish.
NIKLAS S. MATTSON
c/o /CLARM, p.o. Box 229, Zomba, Malawi
and Department ofZoology, Stockholm University,
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Evaluation of external anchor tags for estimation of growth
and survival in Tilapia (Oreochromis shiranus chilwae Trewavas).
INTRODUCTION
2 2 N I K L A S S . M A T I S O N
A n o t h e r a s p e c t i s t h a t c u l t i v a t e d f i s h u s u a l l y a r e
l e s s s e n s i t i v e t o h a n d l i n g t h a n t h e i r w i l d c o u n t e r -
p a r t s . T h e f i e l d e x p e r i m e n t s w e r e d e s i g n e d t o
e s t i m a t e t h e e f f e c t o f t a g g i n g o n g r o w t h i n
O r e o c h r o m i s s h i r a n u s c h i I w a e T r e w a v a s i n a
s m a l l u n - m a n a g e d r e s e r v o i r b y e m p l o y i n g t h e
r e l a t i o n b e t w e e n s p a c i n g o f m a r g i n a l c i r c u l i o f
s c a l e s a n d r e c e n t g r o w t h r a t e ( D O Y L E e t a l . ,
1 9 8 7 ) . T h e e x p e r i m e n t a l d e s i g n a l l o w e d c o m -
p a r i s o n o f g r o w t h b e t w e e n t a g g e d a n d " u n -
t o u c h e d " f i s h , i . e . , e s s e n t i a l l y w i l d f i s h t h a t h a v e
n o t b e e n h a n d l e d p r e v i o u s l y . T h e o b j e c t i v e w a s
t o c o r r o b o r a t e t a g - r e c a p t u r e e s t i m a t e s o f g r o w t h
i n o . s . c h i I w a e a n d t o g e t a n i n d i c a t i o n o f t a g
l o s s e s a n d t a g - i n d u c e d m o r t a l i t y .
M A T E R I A L S A N D M E T H O D S
P o n d e x p e r i m e n t
A t o t a l o f 5 9 4 O . s . c h i l w a e o f t w o s i z e s , l a r g e
( m e a n ± S . D . ; 1 5 . 4 ± 2 . 1 c m T L a n d 6 0 . 7 ± 2 2 . 7
g w w t ) , a n d s m a l I ( l 0 . 4 ± 1 . 2 c m T L a n d 1 9 . 2 ±
6 . 8 g w w t ) , w e r e r a n d o m l y a s s i g n e d t o t h r e e
t r e a t m e n t s a s s h o w n i n T a b l e 1 . A l l f i s h w e r e
marke~ b y s t a i n i n g w i t h a l c i a n b l u e , d i s s o l v e d i n
w a t e r u s i n g P a n J e t i n j e c t o r ( W r i g h t H e a ,
K i n g s w a y W e s t , D u n d e e D D 2 3 Q D , S c o t l a n d ) . I t
w a s a s s u m e d t h a t t h i s h a d n e g l i g i b l e e f f e c t o n
g r o w t h a n d s u r v i v a l , a n d l h e t r e a t m e n t w a s
l a b e l l e d " u n m a r k e d " f i s h .
T a b l e I - D i s t r i b u t i o n o f m a r k s i d e n t i f y i n g t r e a t -
m e n t s a p p l i e d t o O . s . c h i I w a e i n e a c h o f t h e p o n d s
F I S H S I Z E
T r e a t m e n t L a r g e
S m a l l
T a g g e d I . F l o y t a g I . F l o y t a g
2 . L e f t f i n c l i p
2 . R i g h t f i n c l i p
3 . P a n J e t . f r o n t l e f t 3 . P a n J e t , f r o n t
r i g h t
M a r k e d I . L e f t f i n c l i p
I . R i g h t f i n c l i p
2 . P a n J e t . a n a l 2 . P a n J e t . a n a l f i n
f i n l e f t
r i g h t
U n m a r k e d
I . P a n J e t .
I . P a n J e t ,
f r o n t l e f t f r o n t r i g h t
T w o t h i r d s o f t h e f i s h w e r e m a r k e d b y c l i p p i n g o f
t h e p e l v i c f i n ( " m a r k e d f i s h " ) a n d h a l f o f t h e s e
( o n e t h i r d o f a l l t h e f i s h ) w e r e t a g g e d w i t h b l u e
F l o y F D - 6 8 B T - b a r a n c h o r t a g s ( f l o y T a g , 4 6 1 6
U n i o n B a y P l a c e , N . E S e a t l e , W A 9 8 1 0 5 . U S A )
( " t a g g e d " f i s h ) . T h e t a g s w e r e a t t a c h e d , u s i n g a
t a g g i n g g u n , t h r o u g h t h e d o r s a l m u s c u l a t u r e
b e t w e e n t h e f o u r t h a n d f i f t h d o r s a l f l O s p i n e s o
t h a t t h e a n c h o r l o c k e d b e h i n d t h e p t e r y g i o p h o r e
a n d n e u r a l s p i n e s , a n d w i t h t h e t a g p r o j e c t i n g
r e a r w a r d . T h e f i s h w e r e r a n d o m l y d i s t r i b u t e d
i n t o t h r e e 2 0 0 m
2
e a r t h e n p o n d s a t t h e n a t i o n a l
A q u a c u l t u r e C e n t r e ( N A C ) , D o m a s i , M a l a w i , o n
2 5 t h M a r c h 1 9 9 3 . E a c h p o n d r e c e i v e d 3 3 f i s h
f r o m e a c h s i z e a n d t r e a t m e n t m a k i n g a t o t a l o f
1 9 8 f I s h p e r p o n d ( 9 , 9 0 0 f i s h . h a -
j
) . N o a n a e s -
t h e t i c s w e r e e m p l o y e d , a n d o n l y f i s h i n t h e g o o d
p h y s i f a l c o n d i t i o n w e r e u s e d .
T h e p o n d s w e r e a d d e d 2 8 0 k g . h a - ' . w e e k - ' c h i c k -
e n m a n u r e , 8 2 . 5 k g . h a - I . w e e k -
I
m a i z e h u s k s , a n d
1 2 , 5 k g . h a - I . w e e k -
I
d i a m m o n i u m p h o s p h a t e . I f
n e c e s s a r y , a g r i c u l t u r a l l i m e w a s a p p l i e d t o k e e p
t h e a l k a l i n i t y a b o v e 2 0 m g . l · -
I
e q u i v a l e n t C a C 0
3
.
T h e o x y g e n c o n c e n t r a t i o n a n d w a t e r t e m p e r a t u r e
a t 5 . 0 0 a . m . v a r i e d b e t w e e n 0 . 7 a n d 6 . 3 m g . r
'
,
a n d 1 6 . 5 a n d 2 5 . 1 ° C , r e s p e c t i v e l y . T h e p o n d s a t
N A C a r e g u a r d e d d a y a n d n i g h t a g a i n s t b i r d p r e -
d a t i o n . e t c .
A f t e r 8 1 d a y s t h e f i s h w e r e h a r v e s t e d a n d e n u -
m e r a t e d b y t h e s a m e p e r s o n n e l t h a t t a g g e d a n d
m a r k e d t h e m , a n d t h e r e f o r e i t w a s u n l i k e l y t h a t
d i s t i n c t m a r k s w e r e o v e r l o o k e d . T h e g r o w t h
( L \ T L ) w a s c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n
m e a n f i n a l a n d m e a n i n i t i a l l e n g t h , d i v i d e d b y t h e
t i m e i n d a y s . T h e r a t e o f m o r t a l i t y , Z , w a s c a l c u -
l a t e d a s : Z = - I n ( N I I N O ) ! T , w h e r e N o a n d N I a r e
n u m b e r s o f f i s h s t o c k e d a n d h a r v e s t e d , r e s p e c -
t i v e l y , a n d T i s t h e t i m e i n y e a r s , i . e . , T : : : : 8 1 / 3 6 5
: : : : 0 . 2 2 2 . T h u s , t a g a n d m a r k l o s s e s w e r e i n c l u d -
e d i n t h e c a l c u l a t i o n o f Z . G r o w t h ( L \ T L ) a n d
m o r t a l i t y ( Z ) i n t h e p o n d e x p e r i m e n t w e r e a n a -
l y z e d s e p a r a t e l y f o r s m a l l a n d l a r g e f i s h b y a 2 -
w a y A N O Y A w i t h t r e a t m e n t ( t a g g e d v s . m a r k e d )
a s f i x e d a n d p o n d a s r a n d o m e f f e c t s .
I"', '.
RESULTS
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ABC
POND
Tagged
Marked
unmarked
Treatment
Tagged
Marked
unmarked
Large
Size
Small
This was most likely due to tags that had been lost
and/or fin clipped fish were overlooked. The Pan
Jet stain spots were distinct in all but two cases.
Within size the tagged and unmarked fish were
identical with respect to the Pan Jet stain spots,
whereas the marked fish had unique Pan Jet spots
(Table 1). Therefore, tagged fish probably con-
tributed more to the counts of unmarked fish than
the marked fish, and therefore only the effects of
tagging vs. marking (fin clipping) are considered
here.
Table 2-Number of O.s.ehilwae recovered after
81 days rearing in fish ponds
Pond Experiment
using pooled data from tagged fish in both exper-
iments, Circ. was regressed on growth, In (length
at sampling) and sex. A few of the tagged fish in
the pond experiment did not grow during the
experimental period; these cases were not used.
The growth of the untagged fish and tagged fish in
the field experiment was then calculated individu-
ally by inverse prediction, i.e., the multiple linear
regression equation was arranged so that growth
became the predicted variable (ZAR, 1984).
The total recoveries were on average 92.3% and
83.2% for large and small fish, respectively
(Table 2). In one case among the large fish and in
two cases among the small fish were the number
of recoveries of unmarked fish higher than the
number stocked.
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Field Experiment
The Chisombezi Dam is a small reservoir (2.5 ha)
located in the southern Region of Malawi. O.s.
chilwae were captured from Chisombezi on the
13th March 1995 using a 100 m long beach seine
with one inch stretched mesh, and placed in cages
until tagging started. A total of 300 fish (118
males and 182 females) in the size range 9.5 -
19.1 cm TL were tagged using the same tags and
procedure as in the pond experiment. After 41
days, on the 25th April 1995, 35 fish were mea-
sured and sexed by external morphology. Scales
were removed from recaptured fish and untagged
fish of similar size. The scales were taken from
the second row above the lateral line and four
scales back from the operculum on both sides of
the body (TALBOT & DOYLE, 1990). Sampled
scales were preserved in 10% buffered formalin.
Subsequently, the scales were mounted on micro-
scopic slides and the distance from the first to the
fourth circular ridge, or the width of the outer
three intercirculus spaces, was measured on the
five radii per scale. The ten measurements
obtained from each fish were averaged before
analysis (DOYLE et. al., 1987; TALBOT and
DOYLE, 1990). The measurement of the first
three intercirculus spaces (Cire.) represents 1 - 3
weeks of growth (DOYLE et aI., 1987). Besides
the scales collected in Chisombezi Dam, Cire.
was also measured on scales from a sub-sample of
the tagged fish in the pond experiment (n = 33) .
The growth of the recaptured tagged fish (TLi)
•
was calculated for each individual as the differ-
ence between final and initial length, divided by
the time in days.
Length is correlated with both growth and Cire.,
and to test differences between treatments it is
desirable to correct for variation in length
(DOYLE et aI., 1987). As the initial length was
only known for the tagged fish, the final length (=
length at sampling) was used. The correlation
between initial and final length among the tagged
fish in the field experiment was high (R = 0.98).
Variation in growth between the sexes in Tilapia
has been well described (e.g., PAULY et aI.,
1988). Therefore, the data from the field study
was analyzed by regressing Cire. on treatment (0
= untagged; 1 = tagged), In (length at sampling)
and sex (1 =males; -1 =females). In addition,
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F i g . 1 . P r o p o r t i o n o f t a g g e d O . s . c h i l w a e r e c o v e r e d a f t e r 8 1 d a y s r e a r i n g i n f i s h p o n d s p l o t t e d a g a i n s t m i d l e n g t h -
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l e n g t h ( R 2 = 0 . 7 4 . l a r g e f i s h ; s m a l l f i s h .
1 . 0
2 4 N I I C L A S S . M A T I S O N
T h e r a t i o s o f t a g g e d t o m a r k e d r e c o v e r i e s w e r e o n
a v e r a g e 1 . 0 2 a n d 0 . 7 4 f o r l a r g e a n d s m a l l f i s h ,
r e s p e c t i v e l y ( T a b l e 2 ) . F i g u r e I s h o w s t h e p r o -
p o r t i o n o f r e c o v e r i e s a m o n g t a g g e d f i s h p l o t t e d
a g a i n s t m i d l e n g t h c l a s s a t t a g g i n g . A f u n c t i o n o f
f o r m y = 1 - e x p ( a - ( x - b » w a s f i t t e d t o t h e d a t a .
' - - -
Table 3. Mean growth CTL; mm.day-I), and mortality rate (Z; year includes tag and mark losses),
in two sizes of tagged and marked O. s. chilwae reared in three ponds over a time period of 81 days.
Significance of the difference between treatment means were tested by 2-way ANaVA with treatment as
fixed and pond as random effect. The figures in parenthesis are standard errors of the mean.
Table 4. Break down of results from the field experiment. TL is the mean of total lengths at sampling.
Circ. is the mean of individual measurements of the width of the outer scale intercircular spaces. _TLi
•is the mean of the individual length increments of O. s. chilwae over 41 days. -TLLest is the mean of
the predicted individual length increments using reverse prediction and the linear model of Table 5
Figures in parenthesis are standard deviations. For further explanation see text.
n TL (em) eire. (/1m) _TLi (mm.day·l ) _TLi.est (mm.day·l )
Untagged 37 16.40 (1.78) 111.5 (6.1) 0.419 (0.061)
Males 16 17.39 (1.86) 113.4 (6.4) 0.457 (0.057)
Females 21 15.64 (1.31) 110.0 (5.5) 0.390 (0.047)
Tagged 35 15.75 (1.74) 107.9 (8.4) 0.351 (0.075) 0.390 (0.07)
Males 10 17.23 (92.09) 111.9 (7.4) 0.371 (0.057) 0.447 (0.040)
Females 25 15.16 (1.17 ) 106.3 (8.3) 0.343 (0.081) 0.367 (0.067)
collected are given in Table 4. The tagged fish
grew on average 14.4 rom (range 9 -25 rom) dur-
ing 41 days that elapsed between tagging and
recapture.
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power (1-B) of this test at a = 0.05 was low at
about 0.11 (SEARCY - BERNAL, 1994). The
mortality rate, Z, was significantly higher in small
tagged than in small marked fish (Table 3).
Field Experiment
The length at tagging of the recaptured fish did
not differ significantly from the length of the
tagged fish that were not recaptured (Mann-
Whitney U-test). The lengths of the recaptured
and untagged fish from which scale samples were
This experiment showed no significant differ-
ences in growth between the tagged and marked
treatments (Table 3). The average growth of the
small untagged fish was slightly, but not signifi-
cantly (p=0.305), higher than the tagged fish. The
Size Treatment Means
Variable Tagged Marked F(l,2) p - level
Small
-
TL 0.273 (0.065) 0.304 (0.045) 1.870 0.305
Z 2.41 (0.077) 1.02 (0.150) 41.92 0.023
Large
_TL 0.119 (0.030) 0.119 (0.045) 0.000 0.999
Z 0.432 (0.087) 0.491 (0.223) 0.037 0.865
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F i g . 2 . S p a c i n g o f m a r g i n a l c i r c u l i o f s c a l e s ( e i r e . ) o f t a g g e d , a n d u n t a g g e d , m a l e a n d f e m a l e O . s . c h i l w a e . L i n e s
a r e s i m p l e l i n e a r r e g r e s s i o n s : , ----untagged~ - t a g g e d .
2 6 N I K L A S S . M A T T S O N
F i g u r e 2 s h o w s t h e r e l a t i o n b e t w e e n l e n g t h a t
s a m p l i n g a n d C i r e . c a t e g o r i z e d b y s e x a n d t r e a t -
Table 6.-Results for Cire regressed on treatment (O=no tag; I=tagged), In(length at sampling (em)
and sex (1=male; -I=female). Data from the field experiment. ANOYA for multiple regression:
F(3.68)=5.08, p<O.OI, R=0.428, adjusted R=0.147.
Standard b Standard
N=72 Beta error of error of t(68) p-Ievel
Beta b
•
Intercept 64.61 24.40 2.648 . -0.010
Treatment -01708 0.1118 -2.527 1.654 -1.528 0.131
In(Length) 0.2488 0.1286 16.84 8.709 1.934 0.057
Sex 0.1625 0.1279 1.251 0.9849 1.270 0.208
Table 5. -Results for Circ regressed on growth (mm.day-I), In (length at sampling) (cm) and sex
(1=male; - l=female). Pooled data of tagged O. s. chilwae from pond and field experiment. ANOYA
for multiple linear regression. F(3.64)=41. 08; p«O.OOI, R=0.81 I, adjusted R=0.624.
Standard b Standard
N=68 Beta error of error of t(64) p-Ievel
Beta b
Intercept -23.81 34.15 -0.0697 0.488
Growth 0.8062 0.0740 124.20 11.40 10.90 «0.001
In(Length) 0.1765 0.0740 29.63 12.42 2.386 0.020
Sex -0.1849 0.0748 -3.965 1.605 -2.470 0.016
Multiple linear regressions of Cire. on In (length
at sampling), growth and sex, using pooled data
from tagged fish in both experiments were highly
significant (p«O.OOl). Significant effects were
detected from all the three independent variables
but with growth as the main contributor (Table 5).
Regressing eire. from the field experiment on
treatment (tagged/no tag.), In (length at sampling)
and sex yielded a significant regression (p <0.01),
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but the explained variance was small (Table 6).
Neither of the independent variables contributed
significantly on their own, although p< 0.10 for
In (length at sampling). Inverse prediction of the
growth of tagged and untagged fish, using the lin-
ear model of Table 5, yielded the growth esti-
mates presented in Table 4. Residual analysis did
not reveal any serious violations of multiple linear
regression assumptions.
2 8 N I K L A S S . M A T T S O N
D I S C U S S I O N
T h r e e t y p e s o f p r a c t i c a l e r r o r s c o n n e c t e d w i t h
t a g - r e c a p t u r e , t e r m e d T y p e A , B a n d C e r r o r s , t h a t
m a y a f f e c t e s t i m a t e s o f f i s h i n g m o r t a l i t y , s u r v i v a l
r a t e , a n d p o p u l a t i o n s i z e s h a v e b e e n i d e n t i f i e d
( R I C K E R , 1 9 7 6 , J O N E S , 1 9 7 7 ) . B r i e f l y , t y p e A
e r r o r s a r e a s s o c i a t e d w i t h m o r t a l i t y a t t h e t i m e o f
t a g g i n g o r i n c o m p l e t e r e p o r t i n g o f t a g s , a n d
i n f l u e n c e t h e i n t e r c e p t i n r e g r e s s i o n a n a l y s i s .
T y p e B e r r o r s o c c u r i f t h e m o r t a l i t y r a t e s o f t h e
t a g g e d f i s h , f o l l o w i n g r e l e a s e , i s h i g h e r t h a n f o r
u n t a g g e d f i s h , o r i f t h e r e i s a c o n t i n u o u s l o s s o f
t a g s t h r o u g h o u t t h e e x p e r i m e n t . T h i s a f f e c t s t h e
s l o p e i n r e g r e s s i o n a n a l y s i s . F i n a l l y , t y p e C
e r r o r s r e s u l t i f t h e i n i t i a l r e c o v e r i e s a r e b i a s e d d u e
t o , e . g . i n c o m p l e t e m i x i n g o f t h e t a g g e d f i s h w i t h -
i n t h e p o p u l a t i o n .
I n t h e p o n d e x p e r i m e n t , r e c o v e r i e s a m o n g t h e
t a g g e d f i s h d i m i n i s h e d w i t h d e c r e a s i n g s i z e
( F i g u r e 1 a n d T a b l e s 2 a n d 3 ) . T h e t y p e A a n d B
e r r o r c o m p o n e n t s c o u l d h a v e b e e n s e p a r a t e d b y
a d d i t i o n o f s a m p l i n g o c c a s i o n s b e t w e e n s t o c k i n g
a n d h a r v e s t i n g . H o w e v e r , t h e c o l l e c t i o n o f a c c u -
r a t e d a t a o n s u r v i v a l w o u l d h a v e r e q u i r e d t h a t t h e
p o n d s w e r e d r a i n e d a t e a c h s a m p l i n g o c c a s i o n ,
a n d t h i s w o u l d p r o b a b l y h a v e a f f e c t e d g r o w t h
r a t e s , a n d w o u l d p o s s i b l y a l s o h a v e i n d u c e d t a g
l o s s e s a n d m o r t a l i t i e s . T h e r e f o r e , a s t h e e f f e c t o f
t h e t a g s o n g r o w t h w a s p r i m e i n t e r e s t , i t w a s
d e c i d e d a g a i n s t a d d i t i o n a l s a m p l i n g . T h e h i g h Z
a m o n g t h e s m a l l t a g g e d f i s h i n t h e p o n d e x p e r i -
m e n t m a y t h u s h a v e b e e n d u e t o a h i g h r a t e o f t a g
l o s s r a t h e r t h a n m o r t a l i t y . N o n e t h e l e s s , F i g u r e 1
s h o w s t h a t t a g g i n g o f s m a l l T i l a p i a i s l i k e l y t o
l e a d t o b i a s e d e s t i m a t e s .
C l i p p e d p e l v i c f i n s i n O r e o e h r o m i s s p i r u l u s n i g e r
( G U N T H E R ) r e g e n e r a t e d i n a s l i t t l e a s o n e m o n t h
( V A N S O M E R E N a n d W H I T E H E A D , 1 9 5 9 ) ,
a l t h o u g h t h e b r a n c h i n g o f t h e f i n r a y s w a s a l t e r e d
a n d r e c o g n i z a b l e b y t r a i n e d p e r s o n n e l f o r s i x
m o n t h s o r m o r e . S i m i l a r r e g e n e r a t i o n t i m e s h a v e
b e e n o b s e r v e d i n O . s . e h i l w a e ( N . S . M A T T S O N ,
u n p u b l i s h e d o b s e r v a t i o n ) . I n t h e p r e s e n t s t u d y ,
n o s e p a r a t e r e c o r d s w e r e k e p t o f t h e n u m b e r o f
f i s h w i t h r e g e n e r a t e d f i n s , a n d t h e i d e n t i f i c a t i o n
o f t h e m a r k e d f i s h r e l i e d m a i n l y o n t h e P a n J e t
s t a i n s p o t s . I n g e n e r a l , m a r k i n g b y f i n c l i p p i n g i s
n o t c o n s i d e r e d t o a f f e c t t h e g r o w t h a n d s u r v i v a l o f
f i s h , b u t e f f e c t s h a v e b e e n a s s o c i a t e d w i t h m a r k -
' ' ' 1 '
i n g o f j u v e n i l e s ( R I C K E R , 1 9 4 7 , N I C O L A a n d
C O R D O N E , 1 9 7 3 ) a n d s p a w n i n g f i s h ( L A I R D
a n d S T O T T , 1 9 7 8 ) .
C A R L I N E a n d B R Y N I L D S O N ( 1 9 7 2 ) d e t e c t e d
r e t a r d e d g r o w t h i n b r o o k t r o u t ( S a l v e l i n u s f o n t i -
n a l i s ) ( M i t c h i l l ) t a g g e d w i t h F l o y F D - 6 7 a n c h o r
t a g s . H o w e v e r , t h e e f f e c t o n g r o w t h w a s o n l y p r e -
s e n t d u r i n g t h e f i r s t t h r e e m o n t h s f o l l o w i n g t a g -
g i n g . T h e s u r v i v a l o f t a g g e d a n d u n t a g g e d t r o u t
w a s s i m i l a r . V A N S O M E R E N a n d W H I T E H E A D
( 1 9 5 9 ) d e s c r i b e d a m e t h o d o f t a g g i n g O . s . n i g e r
u s i n g n u m b e r e d p l a s t i c s t r i p s a t t a c h e d w i t h s i l v e r
w i r e t h r o u g h t h e d o r s a l m u s c u l a t u r e . T h e y
r e p o r t e d t h a t t a g l o s s e s i n p o n d s n e v e r e x c e e d -
e d 8 % , a n d o b s e r v e d h i g h g r o w t h r a t e s i n f i s h
o v e r 6 c m T L . H o w e v e r , i n a l a t e r p a p e r ( V A N
SOM~REN a n d W H I T E H E A D , 1 9 6 1 ) t h e y
r e p o r t e d r e d u c e d r e c o v e r y a n d g r o w t h o f s m a l l
m a l e T i l a p i a , m e a s u r i n g 7 . 5 c m T L a t t a g g i n g ,
c o m p a r e d t o f i s h t h a t w e r e 1 3 C m T L a t t a g g i n g .
A f t e r 9 m o n t h s r e a r i n g i n p o n d s t h e r e c o v e r i e s
w e r e 4 0 % a n d 8 7 % o f t h e s m a l l a n d l a r g e f i s h ,
r e s p e c t i v e l y .
T h i s s t u d y s h o w s t h a t t a g g i n g o f t i l a p i a m e a s u r -
i n g 1 3 - 1 4 c m T L o r m o r e p r o b a b l y d o e s n o t a f f e c t
g r o w t h r a t e s c o m p a r e d w i t h m a r k e d o r
" u n t o u c h e d " f i s h , e v e n d u r i n g t h e f i r s t f e w
m o n t h s . H o w e v e r , t h e s l o p e o f t h e e f f e c t o f t a g -
g i n g o n e i r e w a s n e g a t i v e ( T a b l e 6 a n d F i g u r e 2 ) .
I n t h e p o n d e x p e r i m e n t t h e s m a l l u n t a g g e d f i s h
g r e w s l i g h t l y , b u t n o t s i g n i f i c a n t l y , m o r e t h a n t h e
t a g g e d f i s h ( T a b l e 3 ) . T h e p o w e r o f t h e t e s t w a s ,
h o w e v e r , l o w , a n d t h e p r o b a b i l i t y o f d e t e c t i n g a
d i f f e r e n c e i n m e a n g r o w t h w a s c o n s e q u e n t l y
s m a l l .
C o n s i d e r e d i n c o m b i n a t i o n w i t h t h e f i n d i n g s o f
V A N S O M E R E N a n d W H I T E H E A D ( 1 9 6 1 ) ,
t h e s e o b s e r v a t i o n s s u g g e s t t h a t a s m a l l d i f f e r e n c e
i n g r o w t h m a y b e p r e s e n t b e t w e e n t h e s m a l l e r
s i z e d f i s h , i . e . l e s s t h a n 1 3 - 1 4 c m T L . T o a s s e s s
t h e m a g n i t u d e o f s u c h a n e f f e c t , i t m a y b e
a s s u m e d t h a t t h e d i f f e r e n c e s b e t w e e n t h e p r e d i c t -
e d m e a n l e n g t h i n c r e m e n t s i n t h e f i e l d e x p e r i m e n t
( T a b l e 4 ) a c c u r a t e l y d e s c r i b e t h e e f f e c t o f t a g g i n g .
U n d e r t h i s a s s u m p t i o n , t h e e f f e c t o f t a g g i n g i n
t e r m s o f m e a n l e n g t h i n c r e m e n t s w o u l d b e 0 . 0 1 0
a n d 0 . 0 2 3 m m . d a y - l f o r m a l e s a n d f e m a l e s ,
r e s p e c t i v e l y . I n t h e p o n d e x p e r i m e n t , t h e d i f f e r -
t
r
v
ence in mean growth between small tagged and
marked fish was 0.031 mm.day-I (Table 3). With
the growth rates recorded in these experiments
this translates into a retardation in length incre-
ment of between 2 and 10%. In both experiments
this corresponds to a difference in growth of less
than one mm per month. This is well within the
error of length measurements, and unless the
period between release and recapture exceeds half
a year or so, the influence of tagging with Floy
anchor tags on length increments should be negli-
gible in most experimental situations, even for
small fish.
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